Serratia marcescens, a nonpathogen, greatly facilitates the general study of airborne bacteria. However, the value of many studies has been lessened by the omission of strain designation which makes comparison of results from different investigators impossible.
The presence of variants in S. marcescens strain ATCC 274 used in these studies has been reported previously (Bunting, 1940a (Bunting, , b, 1942 Bunting and Ingraham, 1942 Aerial test procedure. Airborne characterization of a stabilized culture was determined by the response of the airborne organisms atomized directly from a beef extract broth culture into the standard atmosphere of 20 C and 65 per cent relative humidity. Procedures are described in detail in earlier publications (Kethley et al., 1956 (Kethley et al., , 1957 .
General procedure. The bacteria were dispersed into a settling prechamber with a DeVilbiss3 no. 40 all-glass atomizer so that the resultant aerosol contained at least 90 per cent single-cell particles and none more than two cells. This bacterial aerosol was then diluted with the standard test air and passed through a 4-ft cubic chamber, aerial samples being taken from the inlet, chamber, and exit for the determination of dynamic die-away rates. For the determination of static die-away rates, the chamber was closed off following dynamic equilibrium and settling samples were taken with agar plates inserted into ports in the chamber floor. Settling plates employed either nutrient agar, or nutrient agar enriched with 16 g per L of brain-heart infusion.
Aerial samples were taken with 1.0 L per min critical-orifice liquid impingers, each containing 200 ml of either: 0.2 per cent aqueous gelatin (Pharmagel A)4 buffered with 0.08 g anhydrous Na2HPO4 per g of gelatin; or gelatin solution enriched with 16 g per L of brain-heart infusion. In either medium one loopful of antifoaming emulsion (Dow-Corning, AF)5 was added to each sampler.
Biologic death, k, and gravitational loss, kf, of the airborne organisms are factors in the total die-away, k1:
kt _ log no -log ni t -~~~~t where no is the initial number and ni is the final number of viable organisms, and t is the time in minutes. The value kt is obtained from studies in the chamber system when operated dynamically or statically. Cellular dimensions. Cell dimensions and morphology were determined with phase contrast and electron microscopes. Specimen preparation for the electron microscope was a simple colloidin-film stripping of cells deposited on glass microscope slides.
RESULTS
Differentiation of variants; response to the standard atmosphere. During the course of studies on airborne bacteria in our laboratories, a variant culture isolated from S. marcescens strain ATCC 274, designated as culture "A," was used as the test organism for a period of several months. The cultures employed were maintained by serial transfer through beef broth every 44 to 48 hr. During a period of several months a firm value for the die-away rate of this organism under the standard conditions was established as 0.034. After a lapse of several weeks, during which the culture was not employed in aerial testing, it was found that the culture exhibited a static kt greater than 0.07, indicating a reduced survival capacity under the standard atmospheric conditions. The stock nutrient agar slant was tested after transfer into broth. The static kt was determined to be 0.075, indicating a similar deterioration of the stock culture undifferentiated as to variants.
The original isolation of the test organism had been made on the basis of chromogenicity, and some attention had been given to monitoring the culture for the appearance of color variants. However, no great increase in these had been noted, and a more definitive characterization of such differences as might account for the change in viability potential was sought.
An entirely new specimen of S. marcescens strain ATCC 274 was obtained and transferred directly into beef extract broth without screening of the variants. This culture was designated as "E." A comparative study of the responses to the airborne state of organisms from "A" and "E" is reported in table 1.
Although culture "E" exhibited the same response under standard atmospheric conditions as that previously established for the test strain, such a culture is inherently unstable because of the variants present. This instability became manifest in high static kt is found within the response range shown by E-R and E-P of culture "E." The variant E-R was continued as the standard test organism, and from 11 subsequent determinations the static kt value of 0.031 was obtained. The variant E-P was not used further in routine testing because the more highly pigmented variant E-R possesses the greater cultural stability.
The incipient differentiation of the variants of E-P at the sixth transfer in broth is indicated in Because the statically determined death rates showed the greatest sensitivity to variations in viability Morphologic and dimensional characteristics of variants. Microscopic examination (phase) of the undifferentiated broth culture "A," which had evidenced an abnormal response to the standard atmosphere, showed a wide variation in cell size which ranged from 1.0 to 2.0, in length and 0.7 to 1.0 , in width to 15 ,u in length and 1.0 to 1.5 ,u in width. Many of the loniger filamentous-type cells showed loci of increased density to the electron microscope beam. Undifferentiated broth cultures of "E" showed a more homogeneous population with cells having lengths ranging from 1.0 to 2.5 ,u and widths ranging from 0.7 to 1.0 . Electron micrographs of this culture indicate a uniform intracellular density.
Electron micrographs of third-isolate variants show a significant morphologic and size variation among the variants of culture "A" (figure 1). The variants appear quite different from the corresponding variants of culture "E" which does not, however, exhibit a similar wide range of cellular differentiation (figure 2). Variant cells of both were from nutrient agar surface colonies. There appears to be no morphologic and dimensional difference between cells from agar surface colonies and from liquid cultures.
Calculations do not indicate a significant effect of the observed variations in cell size on a possible increase in velocity of gravitational settling reflected in increased kt values. It is concluded that the reported variations in die-away rates are due to differences in viability associated with the presence of large and bizarre cells, but not due to mechanical losses occasioned by such cells.
DISCUSSION
The results indicate that S. marcescens strain ATCC 274 can be useful as a test organism in experimental aerobiologic studies. However, the presence of color variants within the strain necessitates constant monitoring of the test culture. In addition, variations in response to a standard test condition have been found which are not completely explained on the basis of the appearance of color variants within the parent strain. In this instance, a reduced viability potential was found to be correlated with the emergence of a wide variety of cellular forms. *Consideration of the possible mechanical errors introduced by the presence of larger cells shows that the aberrant responses are due to changes in viability rather than to the presence of larger cells. No acceptable explanation for this phenomenon is indicated, although some form of cultural senescence might be suggested. It is to be noted that Brown (1954) attributed certain irregularities in his findings to culture heterogeneity, and was able to isolate from the single culture of Micrococcus sp. strains of varying sensitivity to the airborne state.
A significant point in the demonstration of the reduced viability of the deteriorated culture is the apparent reversal of the lethal effect of the airborne state. The two widely divergent physical conditions of sampling, recovery of viable cells on agar surfaces and collection in a liquid medium, result in widely divergent recoveries of the organism. The enriched medium in the settling plate has no effect on increasing the recovery of the settled cells, indicating an inability of the cell to absorb the nutrient factor capable of reversing the lethal effect of the airborne state, a condition which is doubtless related to the physical interface of the cell and the agar surface. Collection in the plain gelatin liquid impingement medium enhances the recovery of the organisms and the highest recovery results from the addition of enrichment to this medium. None of these differences are exhibited by the newer culture. These relationships have important implications in considering the fate of airborne pathogens following termination of the airborne state. They also assume importance in possible differences between solid surface and liquid samplers for collecting viable airborne bacteria. It is suggested that this indicates a limitation of the potential of solid surface samplers in the collection of airborne organisms of reduced viability potential.
The selection of a bacterial species for aerobiologic studies should be closely followed by frequent monitoring of performance by reference to some standard condition of atmosphere. For this purpose, the agar settling plates are most useful because of the greater sensitivity of solid surface collectors to variations in viability potential. The presence of variants, per se, need not preclude the use of variant-containing species, but the stability of these variants should be assayed for their combined effects in undifferentiated culture and attention should be drawn to the possible emergence of altered viability in the airborne state when divergent results are obtained. It should be noted that, for cultures not showing easily discernible variants, the need for continuous monitoring under some standard condition is even more essential. SUMMARY Stable response to a standard atmosphere of a variant culture isolated from Serratia marcescens strain ATCC 274, was lost through cultural deterioration as evidenced by reduced airborne viability. Morphologically and dimensionally the cells of this culture showed wide variation.
An undifferentiated culture of Serratia marcescens strain ATCC 274 produced the standard viability response to the test atmosphere. Because of the inherent instability of this strain, the four variants were isolated and studied for cultural stability and response to the standard test atmosphere.
It is concluded that the reduced viability of the deteriorated culture is related mostly to the emergence of the wide range of morphologic and dimensional cell types. Physical and nutritional nature of the collecting medium is decisive in demonstrating cells of attenuated viability. Enriched-gelatin, critical-orifice liquid impinger samplers showed the greatest recovery of viable cells, and the nutrient agar settling plates the least recovery of viable cells. This finding is of importance in considering the recovery of airborne organisms of reduced viability potential with solid surface samplers.
